D eciDing which surgery to perform in patients with spinal metastases is often based on several factors such as indication (for example, pain, spinal cord compression, instability, tumor control), primary tumor type, presence of metastases, and condition of the patient. Several models have been developed to guide the surgeon in this selection process. 3, 23, 24, 26 Most of these models are based on the patient's life expectancy. Little is known about the effect of various surgical procedures on patient quality of life (QOL), 18 but this factor is crucial when discussing the different therapeutic options with patients and their relatives. In this study we investigated the effect of various surgical procedures for spinal metastases on patient QOL after surgery ranging from minimally invasive stabilization to piecemeal corpectomy with expandable cage reconstruction. Little is known about the impact of these different procedures on patient quality of life (QOL), but this factor is crucial when discussing the various therapeutic options with patients and their families. Thus, the authors of this study investigated the effect of various surgical procedures for spinal metastases on patient QOL. MethoDs The authors prospectively followed a cohort of 113 patients with spinal metastases who were referred to their clinic for surgical evaluation between July 2012 and July 2014. Quality of life was assessed using the EQ-5D at intake and at 3, 6, 9, and 12 months after treatment. resUlts Nineteen patients were treated conservatively, 41 underwent decompressive surgery with or without stabilization, 47 underwent a piecemeal corpectomy procedure with stabilization and expandable cage reconstruction, and 6 had a stabilization procedure without decompression. Among all surgical patients, the mean EQ-5D score was significantly increased from 0.44 pretreatment to 0.59 at 3 months after treatment (p < 0.001). Mean EQ-5D scores at 1 year after surgery further increased to 0.84 following decompression with stabilization, 0.74 after corpectomy with stabilization, and 0.94 after stabilization without decompression. Frankel scores also improved after surgery. There were no significant differences in improvements in EQ-5D scores and Frankel grades among the different surgical procedures. In addition, mortality and complication rates were similar. CoNClUsioNs Quality of life can improve significantly after various extensive and less extensive surgical procedures in patients with spinal metastases. The relatively invasive corpectomy procedure, as compared with alternative less invasive techniques, does not negatively affect outcome.
Methods

Patient Population
The institutional review board of our hospital approved this study. All patients with spinal metastases who were referred to our center for surgical evaluation between July 2012 and July 2014 were asked by our specialized nurse practitioner (C.O.N.) to participate in this study. Informed consent was obtained in 113 of 125 consecutive patients. Deciding on the best treatment strategy was done in a multidisciplinary setting (oncologist, radiotherapist, and neurosurgeon) and was based on several prognostic factors, including life expectancy (at least 3-6 months) and physical condition of the patient (Karnofsky Performance Scale 19 [KPS] score > 60 and American Society of Anesthesiologists 1 [ASA] Score I-III). The exact surgical procedure to perform was determined by our team of spinal surgeons. Stabilization without decompression was performed in cases of instability without spinal cord or nerve root compression. Decompression and debulking was performed in cases of spinal cord or nerve compression. Stabilization was also performed in cases of impending instability before and/or after the procedure. Indications for a piecemeal corpectomy procedure were 1) vertebral body involvement > 50%, 2) vertebral body collapse with severe kyphosis > 20°, and 3) local tumor control. Prerequisite for a corpectomy was a life expectancy of at least 6 months because this procedure is more invasive and therefore has a longer recovery period than, for example, decompressive surgery with stabilization (for which the prerequisite life expectancy was 3 months).
Of the 113 patients included in this study, 19 were treated conservatively, 4 patients underwent decompressive surgery without stabilization, 37 patients underwent decompressive surgery with stabilization, 47 underwent corpectomy with instrumentation, and 6 had a stabilization procedure without decompression. The 4 patients who underwent a decompressive procedure without stabilization were added to the group that had decompressive surgery with stabilization for comparisons with the other groups. Baseline characteristics of all patients are presented in Table 1 . Indications for surgery were spinal cord or cauda equina compression (64 cases), spinal instability without cord or cauda compression (17) , decompression for radicular pain (9) , and tumor control (4). The corpectomy procedure was more frequently performed in cases of spinal cord or cauda compression with spinal instability (21 cases), whereas decompression and fixation were more frequently performed in cases without instability (24 cases). All corpectomy procedures for thoracolumbar spinal metastases (except 1) were performed via a posterior approach with piecemeal resection of the tumor, remnants of the vertebral body, and adjacent intervertebral body discs. The defect was subsequently reconstructed with a titanium expandable cage. In cases of stabilization without decompression, conventional open instrumentation was used in the craniocervical region and minimally invasive percutaneous instrumentation was used in the thoracolumbar spine. All screws (open and minimally invasive) were placed with a spinal navigation system (O-arm, Medtronic).
outcome Assessment
All patients were followed-up 1 year after surgery. Quality of life was assessed using the EQ-5D at intake and at 3, 6, 9, and 12 months after treatment. 12 In addition, Frankel grade 17 and the presence of urinary incontinence were documented. For the surgically treated group, the ASA score was also noted.
statistical Analysis
Statistical analysis was performed using SPSS software (IBM Corp.). Results were compared using 1-way ANOVA with Bonferroni post hoc test. Differences in EQ-5D results among the surgical groups and for the different indications were compared, as was the indication for surgery and the Frankel grade at intake (Frankel Grades A, B, and C versus Grades D and E). In addition, paired analysis was performed to investigate improvement in EQ-5D scores for the patients who were still alive at the different time points.
results
Comparisons for Different surgical Procedures
The mean EQ-5D (0.59) for the entire group of patients significantly increased 3 months after treatment compared with the mean pretreatment score (0.44; p < 0.001). Improvement in the EQ-5D score at 3 months was better in the fixation-only and corpectomy groups (0.68 and 0.62, respectively) than in the decompression plus fixation group (0.55), although this difference was not significant (p = 0.74). The mean EQ-5D score further increased to 0.84 at 1 year after decompression plus fixation, 0.74 at 1 year after corpectomy, and 0.94 at 1 year after fixation alone ( Table 2) . Analysis of indications for surgery showed no significant difference in outcome for radicular pain, spinal cord or cauda equina compression, and instability without cord or cauda compression. (Tumor control was excluded from analysis because of the small number of patients.) Comparison of the patient groups with Frankel Grades A-C at intake versus those with Frankel Grades D and E also revealed no significant difference.
Frankel grades improved after surgery. There was no difference in improvement between the decompression plus stabilization and the corpectomy procedures (Fig. 1) . The most frequent recovery was from Frankel Grade C to D at 3 months after surgery.
Analysis of short-term survival
Mortality rate within 3 months was 16% (15 of 94) for the entire surgical group versus 68% (13 of 19 patients) for the group treated conservatively. Because follow-up for the conservatively treated group was limited to 6 patients, comparative analysis with EQ-5D results was not performed for this group. Detailed analysis of the 15 patients who died < 3 months after surgery showed no difference in the procedure performed; 7 patients had undergone decompression plus stabilization, and 8 patients had had a corpectomy. The most frequent primary tumor was lung cancer (33%), followed by kidney cancer (20%). The mean age (66 years old) in this short-term survival group was not different from that of the entire surgery group.
However, the mean KPS score (71) was significantly lower than that (79) for the entire surgical group (p < 0.001). The mean estimated 6-month survival probability according to Bartels scoring system was 0.33, which was comparable with that for the patients who died < 6 months (0.70), < 9 months (0.64), and < 12 months (0.77) after surgery. 
Discussion
Quality of life and selection of Patients for surgery
This study shows that QOL in patients with spinal metastases improves after surgical treatment and that this improvement is sustained for the period of 1 year. Other studies have shown similar results for this improvement in QOL, 13, 21, 28 although it is difficult to compare the results of these studies because different outcome measures were used, including functional outcome measures (such as the Frankel classification and visual analog scale), 13, 18 validated health-related QOL (HRQOL) outcome measures (such as the European Organisation for Research and Treatment of Cancer [EORTC] QLQ-30 questionnaire), 13, 21 and utility scales (such as the Health Utilities Index Mark 3 [HUI-3] and EQ-5D). 7, 13 In the present study, we chose to use the EQ-5D for the analysis of HRQOL because, as stated by the Global Spine Tumour Study Group (GSTSG), 9 it can be used more easily, even by telephone. The advantage over more extended questionnaires, such as the EORTC QLQ-30, is that its ease of use increases the response rate, which in our study was around 80% at all time points (Table 2). Recently, the GSTSG, which we are part of, reported the results for a cohort of 922 patients. 7 A major finding in that study was that Frankel grade and KPS score were important predictors for QOL after surgery. Shortcomings of that study, however, were the high loss to follow-up (recorded follow-up of only 40% of patients after 1 year), a potential difference in referral to the various centers that participated in the study (different indications for surgery), a difference in the selection of patients for surgery, and the fact that different procedures were performed for the same indication. Most patients in our study presented with spinal metastases with cord or cauda equina compression (Table 1) . Other indications included instability, pain, or local tumor control. As regards instability, the Spinal Instability Neoplastic Score (SINS) is generally used by our radiotherapists to determine which patient needs consultation because of potential instability. [14] [15] [16] Patients with radicular pain are sometimes referred when conservative treatment fails. Referral for resection of solitary metastases is still a rare indication at our center, but the number of cases increase as the systematic therapies and survival of cancer patients improve. 22 The decision of whether to offer surgery to patients and their relatives was made by a team of spinal surgeons. In cases in which the patient was considered to be a potential candidate, the patient was transferred to our department so that we could determine his or her condition, including the KPS score. Biopsy was performed first in cases in which there was no known primary tumor but only if there was no progressive neurological deficit. Life expectancy was determined together with the oncologist. If life expectancy was more than 3-6 months, the option of surgery was discussed with the patient and their families. Despite this rigorous selection process, 16% of our patients still died within a 3-month period after surgery. A possible explanation for this could be that life expectancy in these patients was overestimated. In our experience, life expectancy is often overestimated by oncologists, especially since the Patchell et al. study has shown beneficial results for surgical treatment combined with radiotherapy as compared with radiotherapy alone in patients with a life expectancy of at least 3 months. 20 Because of this frequent overestimation of life expectancy, we now use Bartels' prognostic model, which was recently validated in a group of our patients. 2 The high tendency to opt for surgery was probably one of the reasons why comparison with conservatively treated patients in our study was not possible (in addition to the high mortality rate). The only study to date that has compared QOL for surgery versus nonsurgery was performed by Wu et al. 28 In that study a significantly higher total QOL score was found in the surgical group.
Comparison of Different surgical Procedures
An interesting finding in our study was that the EQ-5D score did not differ for the various surgical procedures, not even for the relatively more invasive corpectomy procedure. We previously published data on an initial series of 60 patients who had been treated with corpectomy between December 2005 and May 2011. 10 Since then we have made significant improvements in performing this procedure with a shorter operating time (mean 3.7 hours instead of 5.9) and a lower complication rate (neurological deficit 0% instead of 12% and an infection rate of 4% instead of 10%). Therefore, we believe that this procedure can be safely performed and has an advantage over decompression plus stabilization in that the height of a collapsed vertebra can be restored, as can the angle of kyphosis. As an alternative to the corpectomy procedure, vertebral body stents (VBSs) can be placed to correct height and kypho- sis. 11 Disadvantages of this procedure, in our opinion, are the limited anterior decompression and, as shown in the recent study by Dong et al., 11 the greater chance for local tumor recurrence (2 cases requiring reoperation versus none in our study). Polymethylmethacrylate (PMMA) bone cement has been suggested to have an antitumor effect because of a low reported incidence of tumor recurrence following its use. 27 However, as noted by Bròdano et al., 5 this effect may be attributable to the short survival of these patients. In addition, the mean operating time for the VBS procedure in the Dong et al. study (2.9 hours 11 ) was only slightly shorter than that for the corpectomy procedure in our study, which also included placement of an expandable cage.
We acknowledge that the vertebrectomy procedure that we performed is not a total en bloc spondylectomy (as originally described by Boriani et al. 4 and Tomita et al. 25 ) but rather a piecemeal vertebrectomy (Grade 3 according to the GSTSG classification of tumor excision 6 ). However, in our opinion, a pure en bloc procedure (either intra-or extralesional) is not indicated in the surgical treatment of spinal metastases, except in perhaps rare cases of solitary kidney and breast metastases. Furthermore, in this study we did not differentiate between palliative decompression and debulking (Grade 1 vs Grade 2 in the GSTSG study 8 ) because there were only 4 cases in which a laminectomy without stabilization was performed for metastases in the posterior elements. In all other cases, the decompression was combined with a posterior stabilization procedure. The tumor was removed as much as possible to decompress the spinal cord and/or nerve roots. In cases of anterior compression, first a (bilateral) pediculotomy was performed, then tumor removal and subsequent intraoperative 3D scanning with a navigation system to determine the structure of the remaining vertebral body. In cases in which more than 50% of the vertebral body was removed, the remaining vertebral body was also resected and the defect was subsequently reconstructed with an expandable cage. Thus, our debulking strategy involves the removal of as much of the tumor as possible, which could explain why the total duration of surgery was only slightly shorter (138 minutes) than that for the corpectomy procedure including reconstruction (222 minutes; Table 1 ). This approach could be regarded as too aggressive for palliative surgery, but as the combined results from different centers in the GSTSG study showed, intraoperative complication rates are often surprisingly high for less invasive surgical procedures. 8 This may be due to the poor clinical condition of these patients. Another explanation is that limited debulking may increase the chance for complications. In our study no significant differences in mortality and complication rates were found between the 2 different surgical groups of decompression plus stabilization versus corpectomy.
Conclusions
Quality of life can improve after different surgical procedures for spinal metastases. In our study, no significant differences were found among the different surgical strategies, including the relatively invasive corpectomy procedure. Moreover, improvement in Frankel grade, mortality rates, and complication rates were similar after the decompression plus stabilization and the corpectomy procedure. 
